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GENERAL INTRODUCTION 
The genetic material of plants, commonly referred to as germplasm, 
is one of the world's most valuable resources. Germplasm provides the 
genetic information which guides all plant processes, development, and 
products. This resource, which is variable, contains the building blocks 
referred to as genes used in plant improvement. The future quality and 
quantity of the world's food supply and raw plant materials for other 
products depends upon the preservation, evaluation, and utilization of 
these resources. 
Germplasm Resources—A Necessity 
At various times in history, problems arose when the genetic base of 
a crop became too narrow, thus allowing changes in the environment, such 
as diseases, insects, or perhaps climatic alterations, to adversely affect 
the crop's productivity. Two examples often cited, the Irish potato 
(Solanum tuberosum L.) famine due to late blight (incited by Phytophthora 
infestans (Mont.) D By.) and the southern corn leaf blight (incited by 
Bipolaris maydis (Nisikado) Shoemaker, race T) epidemic in maize (Zea 
mays L.), show the devastating nature of such occurrences (National 
Academy of Science, 1972). Both were due to widespread genetic uni­
formity and subsequent disease development to epidemic proportions. 
Since the southern corn leaf blight epidemic in the early 1970s, 
plant scientists have realized that a more diverse array of germplasm 
needs to be used. Recent concerns over possible climatic, atmospheric, 
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and soil changes due to various alterations in the environment have only 
heightened our awareness of the need to investigate and utilize the full 
diversity of plant genetic resources (Plucknett et al., 1987; Ponnamperuma, 
1982). Biotechnology may result in a greater capability for using these 
genetic resources for plant improvement (Duvick, 1986; Peacock, 1984; 
Plucknett et al., 1987). 
In addition to utilizing genetic diversity to counter environmental 
change is the need to continually improve the quantity and quality of crop 
production. Also, crop production must be made more efficient to insure 
profits for farmers, economical food for consumers, and competitiveness 
in world markets (Duvick, 1986; Ponnamperuma, 1982). Quality of crop 
products depends on their use. In canola (Brassica spp.), for example, 
low erucic acid content of the oil and low glucosinolate content of the 
protein meal are considered to be quality factors in edible oil used by 
humans and in the meal fed to livestock, respectively (Downey and Rakow, 
1987). A trend towards improving quality is occurring for many crops, 
but it must be accomplished without sacrificing current productivity. 
Utilization of these genetic resources to improve plants for use as raw 
materials for human and animal nutrition and other products will increase. 
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LITERATURE REVIEW 
Maize Germplasm Resources 
Housed within the world's gene banks is a vast reservoir of genetic 
raw materials. Thousands of accessions preserved in these repositories 
need to be evaluated, preferably before they need to be utilized. Maize, 
with its 100,000 accessions preserved in gene banks throughout the world, 
provides an example of the vastness of available genetic resources. 
Maize accessions in gene banks can be classified in several different 
ways. Most accessions are adapted only to a particular environment and 
thus can be classified based on this criterion. By pooling definitions 
from several sources (Geadelman, 1984; Hallauer, 1978; Hallauer and 
Miranda, 1981; Lonnquist, 1974; Nelson, 1972), a general definition for 
unadapted or exotic germplasm emerges; that is, germplasm which for some 
reason is not readily useful to a specific area without some selection for 
adaptation. 
Members of related species often are considered to be exotic. In 
maize, these would include teosinte (Zea spp.) and Tripsacum species 
(Goodman, 1976). Teosinte is a close relative of maize and shares the 
the same chromosome number, 2n = 20. It is weedy in nature and unlike 
maize it has natural seed dispersal and seed dormancy. Tripsacum con­
sists of a group of perennial species with chromosome numbers in multiples 
of X = 18. They are more closely related to the genus Manisuris than to 
maize or teosinte. Teosinte crosses readily with maize to produce 
fertile offspring, whereas Tripsacum can be crossed to maize only with 
4 
difficulty and the offspring have varying degrees of sterility. Sub­
stitution line hybrids of maize with teosinte and Tripsacum dactyloides L. 
were examined by Cohen and Galinat (1984) for their potential as exotic 
sources of germplasm for maize improvement. They concluded that limited 
portions of this exotic germplasm were effective in broadening genetic 
diversity and increasing heterosis in maize. 
Tropical and temperate maize accessions can be distinguished from 
each other primarily on the basis of length of photoperiod required to 
initiate flowering (12-14 hours for tropical, longer for temperate) 
(Goodman, 1976). Many tropical maize accessions are unadapted to 
temperate regions because they will not flower under long days. Brown 
(1982) listed photoperiod sensitivity as a major reason why tropical 
maize has not been evaluated and utilized in temperate regions. 
Classifying maize according to races has aided in determining the 
extent and origins of genetic variability in the species. Wellhausen 
et al. (1952) described the races of maize in Mexico based on vegetative 
plant characters, male and female reproductive organs, and physiological, 
genetical, and cytological characters. Each race has evolved into a 
population of genotypes adapted to a particular environment (Hallauer and 
Miranda, 1981). According to Brown and Goodman (1977), some of the more 
than 250 races described for the Western Hemisphere are duplicates, so 
there are only 130 to 150 distinct races of maize. Mine were described 
in the U.S. by Brown and Goodman (1977), and eleven were described for 
southeastern Europe by Leng et al. (1962) and Brandolini (1969). Goodman 
(1982) reported that only six major racial groups of maize are of genetic 
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and economic importance worldwide. 
Another classification of maize accessions could be based on pre­
vious breeding and evolution. Most accessions are either inbreds or 
populations. Much is known about the genetic nature of inbred accessions 
and their genetic structure is simple because they were derived by in­
breeding. Most accessions classified as populations are open-pollinated 
lar^draces or varieties which were selected over time for adaptation to 
certain environments and uses. Of the accessions maintained at the 
North Central Regional Plant Introduction Station of the USDA-ARS at 
Ames, Iowa (Mark Millard, maize germplasm curator. Department of Agronomy, 
Iowa State University, Ames, Iowa, personal communication), 90% are 
populations. The ratios of inbreds to populations in other maize gene 
banks are unknown, although they are presumed to contain primarily popu­
lations with emphasis on landraces (Plucknett et al., 1987). 
Two of the largest maize collections in the world are maintained at 
the VIR (Vavilov All-Union Institute of Plant Industry), Leningrad, Soviet 
Union, and the IMR (Institute of Maize Research), Belgrade, Yugoslavia 
(Plucknett et al., 1987). The VIR and the IMR germplasm collections 
contain primarily European varieties of maize (Plucknett et al., 1987). 
Brandolini (1969) and Leng et al. (1962) have said that introductions of 
maize to Europe came directly from the Caribbean and Central and South 
America as early as 1494. Maize from the U.S. was first introduced to 
Europe in the late 1800s. European maize traces to a diverse array of 
New World races and early European maize is distinct from U.S. Corn Belt 
germplasm. The VIR and the IMR sites contain mainly temperate-adapted 
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maize accessions (Plucknett et al., 1987) which have evolved over 
centuries of cultivation in temperate Europe. 
The major gene banks in Mexico and South America maintain tropical 
maize germplasm. Although the center of domestication for maize is in 
Mexico, extensive collection and long-term storage of maize germplasm 
accessions at CIMMYT (Centro Internacional de Mejoramiento de Maiz y 
Trigo) and INIA (Institute Nacional de Investigaciones Agricolas) have 
not been completed until recently (Plucknett et al., 1987). 
Regardless of the classification system used, it is well documented 
that much diversity exists worldwide in maize germplasm. When reviewing 
the potential of maize germplasm, Hallauer and Miranda (1981) state 
that "the most productive races and populations arose from hybridization 
of previous races." 
Utility of Germplasm Resources 
The usefulness of exotic germplasm has been demonstrated in many 
crops, especially for contributing simply inherited traits for pest re­
sistance. Harlan (1984) cited many examples of the use of wild and exotic 
relatives for crop improvement, including disease resistance in sugarcane 
(Saccharum officinarum L.), potato (Solanum tuberosum L.), and tomato 
(Lycopersicon esculentum Miller). The potential of exotic germplasm 
for the improvement of quantitative traits, specifically yield, has also 
been demonstrated in many crops. In oats (Avena sativa L.), Frey (1983, 
1988) improved biomass and grain yield via introgression of genes from A. 
sterilis L., the wild progenitor of cultivated oats. The initial interest 
7 
in A. sterilis was as a source of genes for crown rust (incited by 
Puccinia coronata var. avenae) resistance. Bramel-Cox et al. (1986), 
Burton (1982), and Rattunde (1988) have shown that exotic strains of 
pearl millet (Pennlsetum glaucum (L.) R. Br.) contain genes that increase 
grain yield of cultivated millets. Similar results were obtained with 
sorghum (Sorghum bicolor (L.) Moench) by Cox et al. (1984). A large-
scale program involving the conversion of exotic, photoperiod-sensitive 
sorghum germplasm and its subsequent utilization has had a great impact 
on the development of sorghum, an example about which Brown (1982) states 
"is probably unequalled in any other cereal species." 
In recent years, information about the diversity, evaluation, and 
use of exotic maize germplasm has increased. Wellhausen (1956, 1965) 
raised the issue of the narrow genetic base of maize germplasm in the 
U.S. and he suggested using exotic germplasm to improve maize. The 
seriousness of this issue was again raised when the southern corn leaf 
blight decimated large areas of the U.S. maize crop in the early 1970s 
(Sprague, 1971; Galinat, 1974; Lonnquist, 1974; Zuber, 1975). 
Assessment of the problem also began at this time. Brown (1974) 
traced elite germplasm in breeding programs to 3 races, and Zuber (1975) 
concluded that from 1970 to 1975 the U.S. maize germplasm base was nearly 
static. Zuber and Darrah (1980) found that by 1979 there had been large 
changes in hybrid maize germplasm based on continued release of differ­
ent inbred lines. Reporting on a survey he conducted, Duvick (1984) con­
cluded that, although the numbers of varieties of specific crops had in­
creased only slightly since 1970, breeders had done an adequate job of 
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providing sufficient genetic diversity to prevent serious epidemics. 
Reports by Zuber and Darrah (1980) and Darrah and Zuber (1986) suggested 
that a change in widely used inbred lines represents more diversity. 
Goodman (1985) concluded that elite maize germplasm has not been diversi­
fied. Based on biochemical data, Smith (1984) and Smith et al. (1985a,b) 
found (a) considerable genetic diversity among U.S. maize hybrids and 
among historically important inbred lines and (b) a gradual increase in 
genetic diversity among important inbred lines in the 1970s. However, 
Smith (1988) later concluded that U.S. maize cultivation and breeding 
relied heavily on only four inbreds and their close relatives. 
The potential value of exotic maize germplasm has been emphasized 
by many authors (Brown, 1953, 1965; Stuber, 1978; Hallauer and Miranda, 
1981; Goodman, 1983; Cohen and Galinat, 1984). However, early on, neither 
Kramer and Ullstrup (1959) nor Efron and Everett (1969) could increase 
grain yield by using genes from exotic accessions. Efron and Everett 
(1969) did use exotic germplasm to increase stover yield. Moll et al. 
(1965) found greater heterosis with increased divergence in maize. 
Later, Eberhart (1971), Hallauer and Sears (1972), Nelson (1972), 
Lonnquist (1974), and Holley and Goodman (1988) reported using exotic 
germplasm to increase yield. Recent investigations have centered on 
the proportion of exotic germplasm to incorporate into breeding popula­
tions (Hallauer, 1978; Albrecht and Dudley, 1987; Bridges and Gardner, 
1987; Crossa and Gardner, 1987). Recently, Mungoma and Pollak (1988) 
found exotic maize accessions which complement the traditional heterotic 
patterns. Dudley (1984) and Gerloff and Smith (1988) have developed 
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methods for identifying exotic germplasra that carry favorable alleles 
for quantitative traits. Dudley (1988) subsequently has identified 
exotic maize populations with alleles that enhance Stiff Stalk and 
Lancaster heterotic group lines, specifically B73 and Mol?. 
Evaluation of Germplasm Resources 
The challenge becomes how best to evaluate the vast number of maize 
accessions so that their utilization can follow. Procedures for evaluat­
ing accessions will depend upon the inheritance or expressivity of genes 
that affect the trait of interest. Qualitative or simply inherited traits 
usually can be evaluated on the germplasm accessions per se in any en­
vironment in which the trait is expressed. An example would be resis­
tance to pests. Quantitative or complexly inherited traits are affected 
considerably by genetic background and the environment and, thus, they 
cannot be selected on the accessions per se. Traits such as grain or 
biomass yield are examples. 
Several procedures exist for evaluating unadapted germplasm for 
quantitative traits. Per se and diallel cross (Lonnquist and Gardner, 
1961; Eberhart, 1971; Mungoma and Pollak, 1988) performance may be diffi­
cult to evaluate in a given environment due to photoperiod sensitivity, 
temperature response, or other environmental factors (Stuber, 1978; 
Goodman, 1985). Also, the cost of testing diallel crosses is prohibitive. 
Simpler screening methods have been proposed (Burton and Davies, 
1984; Dudley, 1984; Frankel and Brown, 1984; Gerloff and Smith, 1988) 
which involve testing of crosses between unadapted germplasm accessions 
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and an adapted tester or testers. This method seeks to identify dominant 
favorable alleles in unadapted germplasm not already present in elite 
germplasm. It allows ranking of exotic populations based on their 
relative frequencies of favorable alleles. Gerloff and Smith (1988) 
concluded from theory that crossing populations to elite single crosses 
should have the highest genetic correlation with the intrinsic superior 
values of the populations, require the least resources for both crossing 
and evaluation, and have the smallest standard error. Frankel and 
Brown (1984) suggested that "a deliberate, large scale programme be 
mounted to uncover new yield-promoting germplasm" by testcrossing 
accessions systematically to a few highly adapted cultivars. "To be 
feasible," they state, "the number of strains to be tested needs to be 
restricted." 
Evaluation of maize populations occurs at three levels of genetic 
eliteness. The first level is adapted or elite populations used in re­
current selection programs, in synthetics, and as sources of inbreds for 
elite hybrids. The second, termed "somewhat" adapted, arises from un­
adapted or exotic populations but they have undergone selection in the 
environment of evaluation. Within this group are populations selected 
for insensitivity to photoperiod. The third level is the unadapted or 
exotic population which has undergone no selection in the target environ­
ment. Major resources at this level are the temperate exotic accessions 
from southern and southeastern Europe (Brandolini, 1969; Leng et al., 
1962). 
Hallauer and Miranda (1981) state that "exotic germplasm must include 
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useful genes, but they will not be available until they are incorporated 
with highly productive adapted germplasm." Duvick (1986) found that the 
introgression of exotic germplasm into adapted lines is accelerating. 
Unadapted accessions with useful genes, once identified, can be utilized 
directly for extracting lines for a hybrid breeding program (Hallauer 
and Miranda, 1981) or in a population improvement program. Several 
studies have suggested the proportions of exotic (tropical) maize germ­
plasm to include in a population before beginning selection (Albrecht 
and Dudley, 1987; Bridges and Gardner, 1987; Crossa and Gardner, 1987; 
Holley and Goodman, 1988). To discover the full potential of exotic 
germplasm^ full scale evaluation must occur (Frankel and Brown, 1984; 
Plucknett et al., 1987; Williams, 1984), and effective utilization de­
pends on efficient and effective evaluation. 
The objective of this study was to compare testers used to evaluate 
maize accessions that had undergone no selection or enhancement in the 
Iowa environment. The accessions were considered unadapted because their 
primary development occurred in a different part of the world and they 
are not readily available for cultivation in Iowa. The primary trait 
emphasized is grain yield, a quantitative trait. Other traits that in­
fluence the effectiveness with which grain yield can be improved will 
also be discussed. 
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Explanation of Dissertation Format 
The format of this dissertation consists of two papers. The first 
section compares the ranking of unadapted maize populations by examining 
the means of each population for seven traits in both testcross and 
per se evaluation. The second section uses factor analysis based on rank 
correlation coefficients to compare the value of testers in evaluating 
unadapted maize populations. 
Each section comprises a complete manuscript for submission as a 
publication in a professional journal. Section I is preceded by a General 
Introduction and Literature Review. A General Conclusion follows Section 
II. References for the General Introduction, Literature Review, and 
General Conclusion are listed in Additional References Cited following 
the General Conclusions. The format for this dissertation is permitted 
in the Graduate College Thesis Manual, 1987 edition. 
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SECTION I. RANK COMPARISONS OF UNADAPTED MAIZE POPULATIONS 
BY TESTERS AND PER SE EVALUATION 
14 
ABSTRACT 
Evaluation of the many unadapted maize (Zea mays L.) accessions in 
the world's gene banks is a monumental task. Testcrossing accessions to 
a tester or series of testers has been proposed as a procedure for 
evaluating them for quantitative traits, such as grain yield. The objec­
tive of this study was to compare eight testers and accessio'ns per se for 
evaluating unadapted maize accessions as sources of favorable genes for 
enhancing grain yield and other traits. Testers included the populations 
BS13 and BS26, the single crosses B14xB37 and Oh43xMol7, and the inbreds 
B37, B14, Oh43, and Mol7. The germplasm populations (PICs) were a di­
verse array of 34 accessions collected from Yugoslavia. The 272 test-
crosses from crossing 34 PICs by eight testers and the 34 PICs per se 
were evaluated in a series of randomized complete block designs with 
each block containing a set of either testcrosses within each tester, 
or the PICs per se. Field experiments were conducted at three locations 
in Iowa over three years (1985-1987). 
Significant variation occurred among testcrosses or PICs within 
sets for grain yield, grain moisture, root lodging, stalk lodging, days 
to anthesis, plant height, and ear height. Testcrosses with B14xB37, 
B14, Oh43, and Mol7 did not interact with environments for grain yield. 
Testcrosses with BS13 and BS26 had the highest root lodging, and those 
with B14xB37 and B14 had the lowest stalk lodging. Testers rank the PICs 
somewhat similarly for grain yield, but extreme differences in ranking by 
different testers also occurred. The most extreme differences in ranking 
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the PICs for grain yield occurred when Oh43 and Mol7 were compared and 
when B14XB37 and Oh43xMol7 were compared. The ranking of PICs per se 
for grain yield was different than the ranking via testers. Rankings of 
PICs for other traits were similar over testers and per se evaluation. 
Additional index words: Exotic germplasm, Zea mays L., testcrosses 
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INTRODUCTION 
Ccncern over the genetic diversity of maize (Zea mays L.) and 
other crops has intensified since the southern corn leaf blight (incited 
by Bipolaris maydis (Nisikado) Shoemaker, race T) epidemic on maize 
(National Academy of Sciences, 1972). Even though there are reports 
that genetic diversity within U.S. maize breeding programs is adequate 
for immediate protection and improvement (Duvick, 1984) and that it 
has continued to change (Darrah and Zuber, 1986), breeders still rely 
primarily on four inbreds or their close relatives for maize hybrids 
(Smith, 1988). Some feel we have failed to diversify useful elite maize 
germplasm (Goodman, 1985). 
The problem is not that there is insufficient diversity in worldwide 
maize germplasm resources. The diversity has been well documented, and 
there are about 100,000 accessions in the world's maize gene banks 
(Plucknett et al., 1987) awaiting evaluation and utilization. Many of 
these collections, which are unadapted to U.S. corn-growing regions, are 
tropical and temperate landraces (open-pollinated populations). Temperate 
European populations may provide valuable alleles for U.S. maize improve­
ment (Brandolini, 1969; Leng et al., 1962). 
The challenge is to efficiently evaluate l-.he vast numbers of acces­
sions in these collections, particularly for quantitative traits such as 
grain yield. The potential of unadapted germplasm to improvement of 
these traits cannot be described adequately until the accessions are com­
bined with highly productive and adapted genotypes (Frankel and Brown, 
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1984). Dudley (1984, 1987) and Gerloff and Smith (1988) have provided 
the theoretical considerations for such a procedure. Dudley (1988) has 
used this to evaluate unadapted, tropical populations that had been 
selected to some extent for adaptation in the U.S. Corn Belt. 
The objective of this study was to compare the effectiveness of 
evaluating unadapted temperate maize populations per se and via crossing 
to eight testers for grain yield. 
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MATERIALS AND METHODS 
Materials 
The materials for this study consisted of 34 populations and 272 
testcrosses developed by crossing eight testers with each of the 34 
populations. The testers were: BS13, an 'Iowa Stiff Stalk Synthetic' 
population (Hallauer and Smith, 1979); B14 and B37, inbred lines derived 
from Iowa Stiff Stalk; the single cross between B14 and B37; a Lancaster 
composite population designated BS26 (Hallauer, 1986); 0h43 and Mol7, 
inbreds in the Lancaster heterotic group; and the single cross between 
Oh43 and Mol7. 
The populations were Plant Introduction (PI) accessions collected in 
Yugoslavia from prior to 1950 to as late as 1975 and maintained at the 
National Plant Germplasm System's North Central Regional Plant Introduc­
tion Station of the USDA-ARS at Ames, Iowa. The populations along with 
their population index codes (PICs), PI numbers, and descriptive informa­
tion are presented in Table 1. The accessions were chosen to sample a 
range of ear and kernel characteristics and diverse geographical origins 
within Yugoslavia. They should represent the diversity of maize germ-
plasm from that country. The populations also were diverse for several 
plant characteristics (see Table 3). All were considered unadapted in 
Iowa but none had characteristics associated with photoperiod sensitivity. 
They had not undergone selection in the U.S., which contrasts to other 
exotic maize germplasm sources used in related studies. 
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Table 1. Maize populations from Yugoslavia® that were testcrossed 
to 8 Corn Belt testers 
PIC 
PI 
no. 
Collection Seed Cob Kernel 
row 
no. Yearb SiteC Type^ Color® cf Length 
——CM—— 
1 181988 1949 Belgrade DT YE R 11-18 14-22 
2 181989 1949 Belgrade DT YE R 11-17 12-22 
3 181990 1949 Belgrade FTDT YE W 13-25 8-12 
4 184277 1949 Bel je DT YE WR 8-20 14-18 
5 184280 1949 Horgos DT YE R 5-19 14-22 
6 184281 1949 Zagreb FT YEOR W 10-17 12-16 
7 184282 1949 Stara Moravica DT WHYEWC R 6-26 16-20 
8 184283 1949 Stara Moravica DTFT WH W 10-18 10-14 
9 184284 1949 Butmir FTDT OR WR 10-23 8-10 
10 184287 1949 Novi Sad DT YE R 12-20 12-14 
11 201540 1952 Vokuvar DT YE R 8-16 16-20 
12 201555 1952 Stapar Kragujevac FTDT YEOR W 15-20 8-10 
13 239100 1957 Zemun FTDT YE WR 13-18 8-12 
14 239103 1957 Zemun FT YE W 15-18 12-14 
15 239104 1957 Zemun FT YE W 18-28 8-10 
16 239107 1957 Zemun DT RDYC R 10-15 16-20 
17 239108 1957 Zemun DT WH WR 13-20 12-16 
18 239115 1957 Zemun FTDT WH W 12-20 8-16 
19 393764 1974 Dorfulija FTDT YEOR W 10-20 8-12 
20 393771 1974 Baniste DTFR YE WR 7-15 12-16 
21 393775 1974 Dolni Manastirec FTDT ORYERO WR 7-18 8-12 
22 393776 1974 Gradée FT WHPI W 12-22 8-12 
23 393777 1974 Mlado Nagoricani DTFT WHPIYE WR 7-20 12-14 
^USDA-ARS Germplasm Resources Information Network. 
b 
Years prior to 1960 are years received in the U.S.; years after 
1960 are years collected in Yugoslavia. 
'^Belgrade and Zemun are sites from which seed was received and do not 
necessarily represent sites of collection. 
^DT = dent, FT = flint, FR = flour. 
e 
YE = yellow, OR = orange, WH = white, RD = red, WC = white cap, 
YC = yellow cap, RO = red-orange, PI = pink. 
^R = red, W = white. 
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Table 1. (Continued) 
PIC 
PI 
no. 
Collection Seed Cob Kernel 
row 
no. Year Site Type Color C Length 
——crn~— 
24 406172 1975 Titov Veles DTFT YEORWH WR 15-17 12-16 
25 406173 1975 Titov Veles FTDT YEWH WR 12-18 8-16 
26 406175 1975 Kavadarci FTDT ORYERO WR 7-22 12-18 
27 406179 1975 Kavadarci FTDTFR YE W 8-15 10-12 
28 406188 1975 Delcevo FT YEORWH WR 10-15 10-16 
29 406190 1975 Pehcevo DTFT ROYEWC WR 8-15 8-10 
30 406199 1975 Titov Veles DT RO R 10-22 14-16 
31 406210 1975 Delcevo DTFT YEORWH R 15-18 10-12 
32 406211 1975 Berovo DT ROYE R 10-14 14-14 
33 406214 1975 Titov Veles DTFT WH W 10-15 8-12 
34 406221 1975 Delcevo DT WHYE WR 15-17 12-14 
Procedure and Field Experiments 
The testcrosses between the 34 maize populations and testers were 
made in isolation blocks near Ames, Iowa, in 1984. The detasseled 
populations were pollinated by the testers. A minimum of 50 ears was 
required from each testcross. To meet the 50-ear requirement, several 
testcrosses had to be made in Puerto Rico in the winter of 1984-1985. 
Inbred B37, which produced little pollen, required 26 additional test-
crosses in Puerto Rico. For the other inbreds, B14, Oh43, and Mol7, 
9, 14, and 11 additional testcrosses, respectively, were required from 
the winter nursery. The other testers required four or less testcrosses 
in Puerto Rico. 
The maize entries were evaluated in nine randomized complete block 
2 1  
designs (sets) with each set consisting of the 34 testcrosses or popula­
tions per se plus eight checks. The field tests were conducted in two 
replications in each of three locations for three years (1985-1987) in 
Iowa. The locations included the Agronomy and Agricultural Engineering 
Field Research Center near Ames, the Clarion-Webster Research Center near 
Kanawha, and the Northeast Iowa Research Center near Nashua. Conven­
tional cultural practices of fertilization and weed control recommended 
for high productivity were used at all locations and years. A plot con­
sisted of two rows 5.47 m long and planted 0.76 m apart. Plots were over 
seeded and thinned to 50 plants per plot for a plant density of 60,000 
-1 plants ha 
Data Collection 
Data were collected on the following: days to anthesis (days from 
planting to 50% pollen shed), ear height (measured in cm from the ground 
to the top ear node), plant height (measured in cm from the ground to 
the point where the flag leaf blade extends from the stalk), percent root-
lodged plants per plot (leaning more than 30° from vertical), percent 
stalk-lodged plants per plot (broken below the top ear), number of 
dropped ears per plot (ears detached from the stalk), number of plants 
harvested per plot, grain yield, and percent grain moisture at harvest. 
Grain yield was adjusted to 15.5% moisture and number of plants harvested 
(the desired plant population per plot, i.e., 50, divided by the number 
of plants harvested) and calculated in Mg ha~^. Plots were machine 
harvested when feasible. Severe root lodging made it necessary to hand 
22 
harvest all per se evaluation plots (except Ames in 1985) and all 
plots at Ames in 1986. 
Data Analysis 
An analysis of variance according to a randomized complete block de 
sign model was computed for each set-trait combination to derive mean 
squares for the PICs and their interactions with the environment. 
F tests were calculated to show the probabilities of significance of 
mean squares and coefficients of variability (CVs) were calculated to 
compare the precision of the individual sets. Means (x), ranges, and 
standard deviations (SD) were calculated for each set-trait combination 
The data for PICs within sets were averaged over replications, years, 
and locations. 
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RESULTS 
Analysis of Variance 
Mean squares for PICs within each set for all seven traits (Table 2) 
were significant at the 1% level with two exceptions. The testcrosses 
with the two single crosses (B14xB37 and 0h43xMol7) were significant 
at only the 5% level for stalk lodging. Mean squares for PIC differ­
ences within sets were considerably higher in magnitude than those for 
the genotype by environment interactions. This indicates that differ­
ences in performance of PICs occurred within each set for each trait. 
Genotype by environment interactions ranged from highly significant 
to nonsignificant across traits and sets. Testers with nonsignificant 
genotype by environment interactions would be more likely to give con­
sistent evaluations of populations in diverse environments. Genotype by 
environment interactions for grain yield were nonsignificant for testers 
B14XB37, B14, Oh43, and Mol7. Nonsignificant genotype by environment 
interactions occurred for grain moisture for testers B37, B14, and 
BS26. Genotype by environment interactions were significant for root 
lodging in all sets. Only Oh43 and PICs per se displayed a significant 
genotype by environment interaction for stalk lodging. Testcrosses with 
B37, B14, and Oh43xMol7 had nonsignificant genotype by environment inter­
actions for days to anthesis. For plant height, the testcrosses with B37, 
BS26, and Oh43xMol7 had significant interactions with the environment. 
Only the set with Oh43xMol7 gave a highly significant interaction with 
the environment for ear height. CVs for each trait were relatively 
Table 2. Mean squares for PICs within sets (C), environment interaction (CxE), and CVs from the 
analyses of variance of data for seven traits collected at three locations in 1985-1987 
Grain Lodging _ . Height 
Days to 
Set Yield Moisture Root Stalk anthesis Plant Ear 
Mg ha ^ 
BS13 C 2.40** 
CxE 1.03* 
CV 13.8 
B14XB37 C 2.65** 
CxE 0.94 
CV 13.7 
B37 C 2.57** 
CxE 1.14** 
CV 13.1 
B14 C 2.75** 
CxE 0.86 
CV 14.2 
BS26 C 2.99** 
CxE 0.94** 
CV 13.8 
0h43xMol7 C 2.35** 
CxE 0.99** 
CV 12.6 
50.0** 1586.3** 185.8** 
3.5** 312.0** 65.4 
6.2 37.4 54.5 
39.4** 968.0** 77.2* 
3.5* 267.0** 43.1 
6.5 47.4 74.7 
56.8** 1918.7** 133.5** 
3.6 293.1** 60.3 
7.1 36.1 67.4 
47.4** 1310.8** 122.3** 
9.7 248.7** 44.8 
12.6 50.6 65.9 
43.9** 1274.0** 259.8** 
4.0 268.1* 74.3 
7.2 38.2 47.8 
31.5** 1193.5** 88.1* 
3.4** 248.2** 52.8 
6.0 43.2 62.5 
cm 
30.5** 596.7** 738.5** 
1.7* 141.0 78.2 
1.4 5.2 7.1 
24.5** 469.0** 518.0** 
1.5* 86.0 60.8 
1.3 3.9 8.2 
27.5** 538.2** 474.4** 
1.4 126.7* 59.4 
1.5 4.2 8.8 
31.0** 568.4** 595.3** 
1.5 100.2 69.1 
1.6 4.4 8.1 
36.4** 635.3** 634.5** 
1.7** 122.0* 68.5 
1.3 4.2 8.3 
29.0** 584.5** 395.9** 
1.3 130.0** 95.2** 
1.5 4.1 7.9 
Oh43 C 2.54** 51.8** 1360.7** 136.1** 22.4** 556.7** 371.0** 
CxE 0.81 3.3* 252.2** 51.0* 1.2** 110.0 57.7 
CV 13.3 6.2 38.5 57.0 1.1 5.4 9.9 
Mol7 C 3.43** 36.6** 1362.2** 156.1** 25.3** 503.4** 449.4** 
CxE 1.06 4.1* 266.7** 61.2 1.4* 128.8 88.8 
CV 13.3 6.9 47.9 67.3 1.3 4.5 8.2 
per se C 8.31** 177.2** 3468.7** 524.4** 90.5** 2370.8** 1557.0** 
CxE 0.77* 8.4** 503.2** 111.7** 2.1* 196.7 163.8 
CV 18.2 8.2 33.2 48.0 1.7 7.2 15.3 
*/**Slgnificant at the 0.05 and 0.01 probability levels, respectively. 
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homogeneous across all sets. CVs for per se evaluation were consistently 
higher than those for the tester evaluations for all traits except root 
and stalk lodging. 
Grain Yield 
The accession crosses with Mol7 produced the highest overall 
grain yield (Table 3). All sets of testcrosses except those with BS26 
gave mean grain yields at least 50% higher than that for per se evalua­
tion. The lowest grain yield from per se evaluation was less than half 
the lowest testcross yield for all testers except BS26. And the maximum 
grain yield for per se evaluation was exceeded by the lowest testcross 
yield for every tester except B14xB37 and BS26. In general, the range of 
grain yields observed for PICs per se was about twice the range for test-
crosses within tester sets. 
When crossed to the testers, every PIC gave an increase in grain 
yield (Table 4). The primary criterion for judging testing methods was 
how the various testers and per se evaluation ranked them for grain yield. 
The testers were reasonably consistent in ranking the maize accessions. 
PICs 1, 2, 12, 13, and 17 were ranked in the top 20% by at least five of 
the testers (Table 5). Six additional PICs (19, 20, 25, 27, 28, and 34) 
were ranked in the top 20% by only three testers. A majority of PICs 
ranked in the top 20% by at least one tester also ranked in the top 50% 
by other testers. PICs 7, 14, 23, and 29 ranked in the lower 50% in all 
sets (Table 4), and all but one or two testcrosses involving populations 
15, 16, and 32 ranked in the lower 50%. 
Table 3. Means (x), ranges, and standard deviations (SD) for seven traits measured on 34 maize 
accessions and their testcrosses with eight testers in nine environments 
Set 
Grain Lodging 
Yield Moisture Root Stalk 
Days to 
anthesis 
Height 
Plant Ear 
Mg ha -1 
BS13 X 
Range 
SD 
6.61 
5.89-7.39 
0.37 
25.8 
23.8-30.8 
1.7 
37.4 
19.8-60.0 
9.4 
13.7 
. 1 -20 .2  
3.2 
73.8 
68.7-78.5 
2.3 
213 
190-227 
10 
106 
84-137 
11 
B14XB37 X 
Range 
SD 
6.55 
5.48-7.22 
0.38 
25.5 
22.9-31.0 
1.5 
29.0 
14.0-46.1 
7.3 
9.2 
5.5-14.9 
2.1 
74.1 
69.7-77.5 
2 . 0  
225 
206-242 
9 
104 
89-128 
9 
B37 X 
Range 
SD 
6.69 
5.78-7.27 
0.38 
26.5 
23.7-32.0 
1.8 
36.0 
7.4-56.0 
10.3 
11.6 
6.9-18.1 
2.7 
73.8 
69.3-77.5 
2.1 
220 
201-239 
9 
102 
86-124 
9 
B14 X 
Range 
SD 
6.48 
5.65-7.11 
0-39 
24.9 
22.4-29.0 
1.6 
23.7 
6.3-49.0 
8.5 
9.3 
4.5-14.9 
2 . 6  
74.3 
68.8-78.0 
2.3 
223 
198-245 
10 
109 
84-140 
10 
BS26 X 
Range 
SD 
5.75 
4.92-6.38 
0.41 
25.7 
23.2-30.5 
1.6 
37.7 
19.7-54.4 
8.4 
17.8 
10.5-25.0 
3.8 
72.5 
67.3-77.3 
2.5 
208 
189-231 
10 
99 
80-121 
10 
Oh43xMol7 X 
Range 
SD 
6 . 6 8  
5.98-7.31 
0.36 
26.1 
23.7-29.3 
1.3 
2 8 . 6  
13.0-41.3 
8.1 
12.0 
6.4-15.8 
2 . 2  
72.7 
67.7-76.3 
2 . 2  
208 
187-229 
10 
94 
74-116 
8 
Oh43 X 6.78 26.0 32.2 
Range 5.98-7.57 23.4-30.3 18.7-54.4 
SD 0.38 1.7 8.7 
M017 X 7.06 25.9 24.9 
Range 6.25-7.78 23.5-30.0 7.8-40.9 
SD 0.44 1.4 8.7 
per se x 4.26 24.8 51.1 
Range 2.56-5.57 20.3-33.9 18.6-73.0 
SD 0.68 3.1 13.9 
11.3 
7.1-16.1 
2.7 
70.4 
66.7-73.8 
1.9 
200 
177-219 
10 
91 
75-114 
8 
11.1 
6.7-20.6 
2.9 
73.8 
69.5-77.8 
2.1 
214 
193-231 
9 
109 
93-133 
9 
16.1 
7.2-27.4 
5.4 
70.4 
63.3-78.5 
3.9 
180 
141-230 
20 
82 
54-127 
16 
to 00 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
yield means (Mg ha for 34 accessions and their testcrosses with eight testers 
Testers 
BS13 314x337 337 314 BS26 0h43xMol7 0h43 Mol7 per se 
7 .39( 1) 6.57(20) 7 .24( 2) 7 •11( 1) 6. 03(10) 7 .18( 3) 7 .45( 3) 6 .84(21) 5 .20( 3) 
7 .21{ 2) 7.00( 5) 6 .79(17) 6 .61(15) 6. 33( 2) 7 .19( 2) 7 .57( 1) 7 .70( 4) 5 .37( 2) 
6 .43(23) 6.24(28) 6 .72(20) 5.69(33) 6. 13( 9) 6 .25(31) 6 .64(22) 6 .82(22) 4 .29(18) 
6 .86(10) 6.64(13) 6 .74(19) 6 .72(11) 5. 77(19) 6 .76(15) 7.41( 4) 7 .54( 7) 5 .08( 5) 
6 .66(17) 7.22( 1) 6 .21(31) 6 .76(10) 5. 46(25) 6 .26(29) 6 .84(15) 6 .80(23) 4 .50(13) 
6 .36(26) 6.72(11) 6 .27(29) 6 .07(29) 5. 94(13) 6 .40(27) 6 .81(16) 7 .19(12) 4 .07(21) 
6 .05(32) 5.96(31) 5 .92(33) 5 .84(32) 5. 19(31) 6 .42(25) 6 .43(30) 6 .68(28) 3 .64(29) 
6 .25(29) 6.82( 9) 6 .42(26) 6 .25(23) 5. 83(15) 5 .98(34) 6 .30(32) 6 .79(25) 4 .51(12) 
6 .73(14) 6.64(14) 6 .50(24) 6 .85( 7) 5. 82(16) 6 .67(17) 6 .54(25) 7 .67( 6) 4 .71(10) 
6 .72(15) 6.61(17) 6 .94(10) 6 .89( 6) 6. 38( 1) 6 .89(11) 6 .75(18) 7 .18(13) 4 .84( 8) 
6 .32(27) 6.46(24) 6 .88(12) 5 .65(34) 6. 13( 8) 6 .65(18) 6 .86(14) 7 .00(19) 5 .13( 4) 
7 .05( 5) 6.85( 7) 7 .00( 8) 6 .63(14) 6. 23( 5) 7 .17( 4) 6 .59(23) 7 .76( 2) 3.94(24) 
7 .09( 3) 6.98( 6) 7 .27( 1) 6 .84( 8) 6. 00(11) 6 .83(14) 7 .23( 5) 7 .78( 1) 3 .69(26) 
6 .47(22) 5.92(33) 6 .27(30) 6 .17(28) 5. 59(22) 6 .43(24) 5 .98(34) 6 .33(33) 3 .26(33) 
6 .40(24) 6.35(27) 6 .98( 9) 6 .52(18) 5. 08(33) 6 .26(30) 6 .39(31) 6 .61(29) 3 .76(25) 
5 .97(33) 5.92(32) 5 .78(34) 6 .29(21) 5. 33(28) 6 .33(28) 6 .81(17) 6 .25(34) 2 .56(34) 
6 .87( 9) 7.OK 3) 7 .22( 3) 7 .02( 3) 6. 28( 4) 7 .31( 1) 6 .73(19) 7 .16(15) 4 .41(15) 
6 .39(25) 6.21(29) 6 .47(25) 6 .23(25) 5. 23(30) 6 .52(23) 6 .87(13) 6 .53(31) 4 .19(20) 
6 .71(16) 7.00( 4) 6 .55(22) 7 .05( 2) 6. 20( 6) 6 .01(33) 6 .93(10) 7 .29(11) 3 .98(23) 
7 .07( 4) 6.81(10) 6 .82(16) 6 .25(24) 5. 98(12) 7 .08( 6) 7 .46( 2) 6 .38(32) 4 .34(17) 
6 .50(21) 6.63(15) 7.01( 7) 6 .68(13) 5. 57(23) 6 .89(10) 6 .46(28) 7 .06(17) 4 .19(19) 
6 .19(30) 6.46(25) 6 .87(14) 6 .20(27) 5. 38(27) 7 .05( 8) 6 .64(21) 7 .31( 9) 3 .45(30) 
5 .89(34) 5.97(30) 6 .13(32) 6 .20(26) 4. 92(34) 6 .17(32) 6 .11(33) 6 .76(26) 3 .37(32) 
6 .85(11) 6.56(21) 6 .55(23) 6 .38(20) 5. 51(24) 6 .76(16) 6 .49(27) 7 .46( 8) 4 .36(16) 
6 .87( 7) 6,51(22) 6 .91(11) 6 .80( 9) 6. 32( 3) 7 .04( 9) 7 .05( 8) 7 .68( 5) 5 .57( 1) 
6 .65(18) 6.58(19) 7 .12( 4) 6 .71(12) 5. 40(26) 6 .86(12) 6 .90(11) 7 .12(16) 4 .90( 7) 
27 6 .26(28) 7. 13( 2) 7 .11( 5) 6 .55(16) 
28 7 .03( 6) 6. 59(18) 6 .57(21) 6 .92( 5) 
29 6 .12(31) 6. 41(26) 6 .40(28) 6 .03(31) 
30 6 .87( 8) 5. 48(34) 6 .41(27) 6 .05(30) 
31 6 .78(12) 6. 84( 8) 7 .07( 6) 6 .26(22) 
32 6 .53(20) 6. 46(23) 6 .88(13) 6 .52(19) 
33 6 .73(13) 6. 67(12) 6 .83(15) 6 .94( 4) 
34 6 .62(19) 6. 62(16) 6 .76(18) 6 .55(17) 
LSD(0.05) 0 .59 0. 59 0 .57 0 .60 
5.71(21) 
5.73(20) 
5.23(29) 
5.91(14) 
5.78(18) 
5.16(32) 
5.80(17) 
6.17( 7) 
0.52 
7.11( 5) 
6.55(22) 
6.61(20) 
6.83(13) 
6.58(21) 
6.40(26) 
6.63(19) 
7.06( 7) 
0.55 
6.71(20) 
7.13( 6) 
6.57(24) 
6.89(12) 
6.49(26) 
6.45(29) 
7.06( 7) 
6.95( 9) 
0.59 
7.03(18) 
6.79(24) 
6.60(30) 
7.18(14) 
7.30(10) 
6.92(20) 
6.74(27) 
7.74( 3) 
0.61 
3.39(31) 
4.47(14) 
3.68(27) 
4.02(22) 
4.92( 6) 
3.67(28) 
4.66(11) 
4.71( 9) 
0.51 
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Table 5. Frequency distributions 
when evaluated by eight 
Of ranks for 
testers and 
• 20 PICs 
per se 
for grain yield 
Frequency 
PIC Upper 20% Upper 21-50% Lower 50% 
2 73 2 0 
1 6= 1 2 
13 5 3 1= 
17 5 3a 1 
12 5 2 2® 
25 4a 4 1 
20 3 4® 2 
34 3 4^ 2 
19 3 3 3® 
27 3 1 5^ 
28 3 1^ 5 
4 33 4 2 
10 2 6^ 1 
9 2 5^ 2 
33 2 5® 2 
26 2^ 4 3 
31 2^ 3 4 
21 1 4 4 a  
5 1 4^ 4 
11 13 3 5 
^Ranked in that category by per se evaluation. 
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Although general ranking trends appeared consistent for some PICs, 
a number of PICs were ranked quite differently by various testers for 
grain yield. For example, PIC 5 was ranked first by B14xB37 (Table 4), 
but four other testers, B37, BS26, Oh43xMol7 and Mol7, ranked it in the 
lower half (Table 4). B37 ranked PIC 5 in 31st place (Table 4). similar 
extreme changes in rank occurred for PICs 19, 20, and 27. Of all of the 
populations ranked in the top 20% by at least one tester, only PICs 2 and 
13 were not ranked in the lower half by any tester (Table 5). 
Even testers from the same heterotic group showed inconsistencies 
in ranking PICs. For example, PIC 20 was ranked second by Oh43 and 32nd 
by Mol7. Only PICs 2 and 13 were ranked in the top 20% by both inbreds 
and PICs 7, 14, and 15 were ranked in the bottom 20% by both. Both B37 
and B14, which belong to the same heterotic group, ranked PICs 1 and 17 
in the top 20% and PICs 6, 7, 14, and 29 in the bottom 20%. No PIC was 
ranked in the top 20% by one tester and in the lower 20% by the other. 
The two single-cross testers, B14xB37 and Oh43xMol7, ranked PICs somewhat 
similarly. PICs 2, 12, 17, and 27 were ranked in the top 20% and PICs 3, 
16, and 23 were ranked in the bottom 20% by both testers. However, PICs 
5 and 19 were ranked in the top 20% by B14xB37 and in the bottom 20% by 
Oh43xMol7. 
Differential ranking by testcrosses versus per se evaluation also 
occurred (Table 5). PICs 12, 13, 19, 21, and 27 were ranked in the top 
20% by at least one of the testers, but all of them were ranked in the 
lower 50% by per se evaluation. Conversely, all PICs ranked in the top 
20% by per se evaluation, except PIC 2, were ranked in the lower 50% by 
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at least one other tester. For example, PIC 11 was ranked fourth by 
per se evaluation, but 34th by tester B14 (Table 4). 
Root and Stalk Lodging 
On average, testcrossing the PICs to B14 and Mol7 reduced root 
lodging to 50% of that obtained with per se evaluation (Table 3). Cross­
ing to all testers was effective in reducing root lodging. Testcrosses 
with the population testers, BS13 and BS26, gave the highest level of 
root lodging, and the lowest stalk lodging means were 9.2 and 9.3% for 
testcrosses with B14xB37 and B14, respectively (Table 3). Stalk lodging 
was nearly double these values with per se evaluation. Even though root 
and stalk lodging were not primary traits in this study, having a tester 
which confers low levels of lodging to its testcrosses is desirable be­
cause it permits mechanical harvesting for grain yield. 
Summaries of the PIC rankings for root and stalk lodging are shown 
in Tables 6 and 7, respectively. The testers tended to rank the PICs 
similarly for these traits. PICs 6, 9, 21, 22, and 25 were ranked in 
the lower 20% for root lodging by nearly every tester (Table 6). Nearly 
all PICs ranked in the lower 20% by more than one tester were also ranked 
in the lower 50% by the remaining testers. On the other hand, four PICs 
ranked in the lower 20% by only one of the testers were ranked in the 
upper 50% by several other testers. 
In general, the testers were less consistent in ranking the PICs 
for stalk lodging than in ranking them for root lodging. A greater 
number of PICs were ranked in the lower 20% by all testers. A greater 
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Table 6. Frequency distributions 
when evaluated by eight 
of ranks for 14 PICs 
testers and per se 
for root lodging 
Frequency 
PIC Lower 20% Lower 21-50% Upper 50% 
6 9a 0 0 
9 9a 0 0 
21 ga 0 0 
22 9a 0 0 
25 8^ 1 0 
28 5 43 0 
32 3 6^ 0 
29 2 7^ 0 
14 2^ 7 0 
15 2® 6 1 
23 1 ea 2 
20 1 6 23 
7 1 3 5a 
13 1 2 6^ 
^Ranked in that category by per se evaluation. 
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Table 7. Frequency distributions 
when evaluated by eight 
of ranks for PICs for stalk 
testers and per se 
lodging 
Frequency 
PIC Lower 20% Lower 21-50% Upper 50% 
10 8^ 1 0 
20 8^ 1 0 
14 5® 4 0 
8 53 3 1 
16 4a 5 0 
9 4 4 1= 
30 33 6 0 
1 3 4a 2 
19 3 4 a  2 
4 2^ 7 0 
5 2 7a 0 
2 2 63 1 
6 2 5 23 
3 2 4 a  3 
11 2 4= 3 
17 2 43 3 
18 2 1 ea 
26 2 1 6^ 
7 1 3% 5 
13 1 0 8^ 
^Ranked in that category by per se evaluation. 
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frequency of those ranked in the lower 20% by a few testers were ranked 
in the upper 50% by other testers. A majority of the PICs ranked in the 
lower 20% by at least three testers also ranked in the upper 50% by the 
remaining testers. PICs 18, 26, 7, and 13 were ranked in the lower 20% 
by one or two testers and were ranked in the upper 50% by the other 
testers. Note that only PICs 6, 7, 9, and 13 were ranked in the top 20% 
by any tester for both root and stalk lodging (Tables 6 and 7). 
Grain Moisture, Days to Anthesis, and Plant and Ear Height 
Grain moisture means for testcrosses and per se evaluation were 
similar (Table 3). The ranges for grain moisture of testcrosses within 
sets were only slightly smaller than the range for per se evaluation. 
A similar pattern occurred for days to anthesis. The ranges for days to 
anthesis were reduced only slightly by testcross evaluation but the means 
for all testcross sets, except Oh43, were two to four days later than that 
for per se evaluation. Plant and ear height means in the testcrosses were 
greater than those from per se evaluation. The upper ends of the ranges 
for all sets including per se were similar, but the lower ends for the 
testcross sets were about 40 to 60 cm less for plant height and about 20 
to 40 cm less for ear height. The PICs were ranked similarly for grain 
moisture, days to anthesis, plant height and ear height by all testers 
and by per se evaluation (data not shown). Days to anthesis would not 
be expected to change much for these PICs because they and the testers 
were selected at similar latitudes. 
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DISCUSSION 
Effective testers have several characteristics in common. First, 
an effective tester should be a good pollen producer so that crossing 
to candidate entries is easy. B37 produced little pollen, so it was 
difficult to use in making the crosses with the PICs. All other 
testers produced sufficient pollen for crossing. 
Second, a tester should possess good agronomic characteristics, such 
as low root and stalk lodging (Table 3). Testers susceptible to root 
and stalk lodging reduce the ease with which grain yield can be evaluated. 
B14 and Mol7 gave testcrosses with the lowest root lodging and B14xB37 
and B14 testcrosses had the lowest stalk lodging. BS13 and BS26 gave 
testcrosses with the highest root and stalk lodging. Days to anthesis, 
plant and ear height, and percent grain moisture were evaluated equally 
well by per se evaluation and via testcrosses. 
Third, a tester should give consistent results from environment to 
environment. Testcrosses with B14xB37, B14, Oh43, and Mol7 gave non­
significant interactions with environments (Table 2) for grain yield. 
Fourth, a tester should provide an accurate ranking of the PICs (Gerloff 
and Smith, 1988). Of course, it is difficult to know which tester gives 
an accurate ranking of the PICs because no "check" exists against which 
to compare the yield evaluations. Perhaps the ranking on the basis of 
means across all testers could be used as the check, and then all 
testers could be compared to it. On the other hand, it may be that 
several testers are required to represent different heterotic groups. 
In this study, it appears that Oh43 and Mol7 could be selected because 
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they gave radically different ranking of the PICs. Even though these 
two inbreds are considered in the same heterotic group, their backgrounds 
are somewhat unique (Smith, 1988). One tester from the Stiff Stalk 
heterotic group would also be suggested. However, BS13 and B37 should 
not be used due to problems with lodging and poor pollen shed, 
respectively. 
Because there are many populations (Plucknett et al., 1987) that need 
to be evaluated, choice of a tester for use in evaluation must be based 
on its agronomic attributes as well as its ability to detect favorable 
alleles for grain yield. The ultimate objective, of course, is to be 
able to find a few unadapted maize populations with the favorable alleles 
that can be used to enhance adapted germplasm. 
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SECTION II. RANK CORRELATION AND FACTOR ANALYSIS OF UNADAPTED 
MAIZE POPULATIONS EVALUATED BY TESTERS AND 
PER SE EVALUATION 
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ABSTRACT 
The purpose of this study was to use factor analysis to clarify the 
differential rankings of maize (Zea mays L.) germplasm accessions by 
testcross and per se evaluations for grain yield. Thirty-four unadapated 
maize populations from Yugoslavia were crossed to eight testers. Test-
crosses and populations per se were grown in a series of randomized com­
plete block designs with each set consisting of either testcrosses within 
a tester or the population per se. Data were collected on grain yield, 
grain moisture, days to anthesis, root lodging, stalk lodging, plant 
height, and ear height. Means for each trait in each set were used to 
compute rank correlation coefficients between sets. The rank correla­
tions were used to compute factor analyses for grain yield across all 
sets and for all traits within each set. Over 80% of the variation in 
the rank correlation matrix was accounted for by the first factor, and 
all testers gave approximately equal loadings to this factor. In the 
factor analysis utilizing all traits, the first factor accounted for 81 
to 95% of the total variation and was heavily loaded for days to anthe­
sis, grain moisture, root lodging, ear height, and plant height. Load­
ings for grain yield and stalk lodging were similar and of little impor­
tance across all sets. Neither method of factor analysis was able to 
group or differentiate testers or populations per se in the rankings of 
the populations. 
Additional index words: Exotic germplasm, Zea mays L., Testcrosses 
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INTRODUCTION 
Genetic diversity in maize (Zea mays L.) is necessary to provide 
adequate protection from pests (National Academy of Sciences, 1972) and 
to provide new alleles for continued progress in breeding (Duvick, 1985). 
About 100,000 accessions of maize are maintained in the world's gene 
banks (Plucknett et al., 1987) awaiting evaluation and utilization. Many 
of these germplasm accessions are adapted only to specific environments. 
Evaluation of germplasm accessions for a simply inherited trait can 
be done in any environment in which the trait is expressed. However, 
quantitatively inherited traits, such as grain yield, require a differ­
ent approach to evaluation. The potential contribution of unadapted 
germplasm sources to the improvement of quantitative traits can best be 
determined by combining them with highly productive germplasm (Frankel 
and Brown, 1984). A method for screening unadapted maize accessions by 
crossing them to a tester or series of testers has been proposed (Frankel 
and Brown, 1984; Dudley, 1984) and examined, both in theory (Gerloff and 
Smith, 1988) and in practice (Dudley, 1988; Section I). When various 
testers were used in an experiment conducted in nine Iowa environments, 
considerable variation was observed in the ranking of unadapted acces­
sions (Section I). 
Factor analysis has been used by plant scientists to distinguish 
groups of related traits and to differentiate which groups are related 
to yield (Walton, 1971, 1972; Denis and Adams, 1978; Bramel et al., 1984; 
Godshalk and Timothy, 1988; Rattunde, 1988). Factor analysis reduces a 
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large number of traits into a small number of uncorrelated factors. It 
indicates groupings of traits within factors and percentages of the 
total variation that was accounted for by the various factors. The 
objective of this study was to use factor analysis, calculated from rank 
correlation coefficient matrices, to understand the differential ranks of 
maize germplasm populations when evaluated via testcrosses and per se 
evaluation (Section I). 
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MATERIALS AND METHODS 
The materials for this study consisted of 34 unadapted populations 
from Yugoslavia and 272 testcrosses developed by crossing eight testers 
with each of the populations. The populations, testers, field testing 
procedures, and data collection were described previously (Section l). 
A set consisted of either the 34 testcrosses within each tester or the 34 
populations evaluated per se. Populations were assigned population index 
codes (PICs). 
The means for a particular trait for PICs within a set were calcu­
lated as an average over replications, years, and locations. Rank corre­
lation coefficients for PICs were computed for all binary combinations 
of sets for each trait according to the formula: 
r = E(r^ - r)(s^ - s)//[Z(r^ - f)^Z(s^ - s)^] 
where r^ is the rank of the ith x value, s^is the rank of the ith y value, 
and r and s are the means of the r^ and s^ values, respectively. 
Principal factor analysis provides a description of correlation 
matrices by calculating random variables of hypothetical and unobservable 
nature that represent major multitrait axes of variation (Karson, 1982). 
In this case, principal factor analysis was used to represent either major 
multiset or multitrait axes of variation within each trait or set, re­
spectively. The description that follows is for using factor analysis for 
a single trait among the sets. It was applied similarly for several 
traits within one set. The means of the testcrosses and the populations 
per se (Section I) were used to derive the rank correlation coefficients. 
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For each trait, a rank correlation matrix of p sets was described by m 
factors according to the following factor analysis model; 
X = U + X Y + A._Y + ... A. Y + Z (i = 1,2,...p) 
1 1 1 12 2 im m i (j = 1,2,...m) 
where is the ith set, is the expectation of set X^, Y^ is the jth 
common factor, is the loading coefficient of the ith original trait 
on the common factor Y^, and Z^ is the specific factor pertaining to the 
ith trait. Set associations can be identified by observing sets that 
have large loading coefficients for the same factor. The portion of 
variation of set X^^ explained by the m common factors is termed the 
final communality. It is estimated by the squared multiple correlation 
of X^ with factor scores from the m factors. Factor analysis was done 
only for grain yield among all sets. Rank correlations for other traits 
among sets were high and thus they were not subjected to factor analysis. 
Similarly, factor analysis was performed within each set for the seven 
traits. 
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RESULTS AND DISCUSSION 
Rank Correlations 
Rank correlation coefficients among sets for grain yield (Table 1) 
ranged from 0.26 to 0.52, and 20 of 35 were highly significant. Corre­
lations for grain yield among testers within the Stiff Stalk heterotic 
group, i.e., BS13, B14xB37, B37, and B14, ranged from 0.41 to 0.61, 
whereas those among testers in the Lancaster heterotic group, i.e., 
BS26, 0h43xMol7, 0h43, and Mol7, ranged from 0.28 to 0.55. Correlations 
for testers between heterotic groups ranged from 0.25 to 0.62. per se 
evaluation correlations with the testers ranged from 0.35 to 0.56. 
Some of the highest correlations occurred between testers of dif­
ferent heterotic groups. For example, the rank correlation between test-
crosses with BS13 and 0h43 was 0.62. Both of these testers ranked three 
PICs in the top 20% and three in the bottom 20% (Section I). BS13 and 
B14, which are in the Stiff Stalk heterotic group, gave a rank correla­
tion of 0.61. However, only PICs 1 and 28 were ranked in the top 20% 
by both of them and only PICs 7 and 29 were ranked in the lower 20% by 
both (Section I). The rank correlations among certain testers were quite 
good overall, but this may be misleading when the goal is to choose the 
top 20% of unadapted populations for further testing and use in a breed­
ing program. That is, even though two testers give a high rank correla­
tion, they may still show a different set of PICs in the top 20%. 
0h43 and Mol7, which are in the same heterotic group, gave a low 
correlation of 0.28 in ranking the PICs. Only PICs 2 and 13 were ranked 
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Table 1. Rank correlation coefficients for grain yield among sets of 
maize testcrosses and accessions per se 
B14XB37 B37 B14 BS26 0h43xMol7 0h43 Mol 7 per se 
BS13 0.44** 0.48** 0.61** 0.60** 0.56** 0.62** 0.49** 0.55** 
B14XB37 0.41* 0.57** 0.48** 0.31 0.33 0.46** 0.35* 
B37 0.48** 0.37* 0.62** 0.26 0.42* 0.35* 
B14 0.36* 0.33 0.43* 0.35* 0.40* 
BS26 0.48** 0.51** 0.56** 0.56** 
Oh43xMol7 0.45** 0.49** 0.35* 
0h43 0.28 0.52** 
Mol7 0.40* 
*,**Significantly different from zero at the 0.05 and 0.01 proba­
bility levels, respectively (N=34). 
in the top 20% and only PIC 14 was ranked in the bottom 20% by both in-
breds (Section I). PIC 20 was ranked first by Oh43 and near the bottom 
by Mol7. The rank correlation for testcrosses with B37 and 0h43 was 
0;26, a value similar to the rank correlation between Oh43 and Mol7. 
Testcrosses with B14xB37 and Oh43xMol7 gave a rank correlation of 0.31. 
Four PICs were ranked in the upper 20% and three in the bottom 20% by 
both single crosses. However, PICs 5 and 19 were ranked high by B14xB37 
and low by Oh43xMol7 (Section I). 
Rank correlations were computed among all sets for both root and 
stalk lodging. Root lodging rank correlations ranged from 0.67 to 0.89 
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(Table 2) indicating general agreement among testers for ranking PICs 
for this trait. Stalk lodging rank correlations ranged from 0.30 to 
0.74 (Table 3) among sets. BS13 and Mol7 gave the lowest correlations 
(0.37 and 0.30, respectively) with tester B37. Stalk lodging rank 
correlations between the PICs per se and the testcrosses were generally 
quite high, ranging from 0.45 to 0.74. Ranges for rank correlation coef­
ficients among all sets were: grain moisture, 0.74 to 0.95; days to 
anthesis, 0.91 to 0.97; plant height, 0.70 to 0.91; and ear height, 
0.70 to 0.91 (data not shown). 
Factor Analysis 
Factor analysis was first computed for grain yield because this 
trait showed the greatest range of rank correlations. The first factor 
(Table 4) accounted for 84% of the total variation in the rank correla­
tion matrix. It was nearly equally loaded by all testers, indicating 
that there were no groupings of testers with respect to the ranking of 
the PICs for grain yield. Factors two and three accounted for little of 
the variation in the correlation matrix. Thus, attempting to group 
testers based on the loadings in the second and third factors would be 
inappropriate. Factor analysis was not applied to the rank correlation 
matrix for any other trait because they were considered homogeneous. 
Factor analysis was also conducted utilizing the data for seven 
traits within each set. The first two factors for each set are shown 
in Table 5. From 81 to 95% of the total variation was accounted for 
by the first factor for each set, and from 5 to 16% of the variation 
50 
Table 2. Rank correlation coefficients for root lodging among sets of 
maize testcrosses and accessions per se 
B14XB37 B37 B14 BS26 Oh43xMol7 1 w Mol7 per se 
BS13 0.83^ 0.86 0.79 0.77 0.81 0.89 0.89 0.76 
B14XB37 0.80 0.83 0.88 0.79 0.89 0.82 0.84 
B37 0.71 0.75 0.70 0.83 0.87 0.84 
B14 0.84 0.78 0.83 0.85 0.69 
BS26 0.76 0.84 0.84 0.83 
0h43xMol7 0.81 0.78 0.67 
0h43 0.87 0.84 
Mol7 0.77 
^All values are significantly different from zero at the 0.01 proba­
bility level (N=34) 
Table 3. Rank correlation coefficients for stalk lodging among sets of 
maize testcrosses and accessions per se 
B14XB37 B37 B14 BS26 ' 0h43xMol7 Oh43 Mol7 per se 
BS13 0.73** 0.37* 0.62** 0.70** 0.63** 0.48** 0.47** 0.67** 
B14XB37 0.47** 0.65** 0.66** 0.55** 0.43* 0.46* 0.66** 
B37 0.62** 0.53** 0.49** 0.48** 0.30 0.57** 
B14 0.65** 0.51** 0.41* 0.47** 0.65** 
BS26 0.55** 0.48** 0.56** 0.74** 
Oh43xMol7 0.65** 0.55** 0.61** 
Oh43 0.43* 0.74** 
Mol7 0.45** 
*,**Significantly different from zero at the 0.05 and 0.01 proba­
bility levels, respectively (n=34). 
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Table 4. Factor loadings for the first three factors for grain yield 
for sets of testcrosses and accessions per se 
Set Factor 1 Factor 2 Factor 3 
BS13 0.82 -0.13 -0.01 
BS26 0.73 -0.15 -0.14 
Oh43xMol7 0.68 0.25 -0.30 
B14 0.67 0.03 0.39 
per se 0.65 -0.24 -0.05 
Oh43 0.64 -0.33 -0.07 
Mol7 0.64 0.14 
GO O
 
O
 1 
B37 0.64 0.39 -0.02 
B14XB37 0.62 0.08 0.31 
Variation (%) 
accounted for 84 9 7 
was accounted for by the second factor in each set. The first factor had 
high positive loadings for grain moisture, days to anthesis, plant and 
ear height, and root lodging across all sets. The loading for grain 
yield in the first factor was generally small and quite variable among 
sets. Stalk lodging generally had low loading in factor one. Because 
the second factor accounts for little of the total variation, making com­
parisons based on its loadings was not justified. 
Two criteria seem to be important in the successful application of 
factor analysis to a correlation matrix. First, adequate variability 
Table 5. Factor patterns from the first two factors for seven traits within sets of maize test-
crosses and accessions per se 
Tester 
Trait BS13 B14XB37 B37 B14 BS26 Oh43xMol7 Oh43 Mol7 per S6 
Factor 1 
Grain yield 0.14 -0.06 -0.02 -0.13 0.50 0.08 0.24 0.24 0.46 
Grain moisture 0.78 0.81 0.69 0.89 0.71 0.72 0.73 0.73 0.81 
Days to anthesis 0.95 0.94 0.92 0.91 0.93 0.97 0.92 0.95 0.92 
Plant height 0.87 0.85 0.92 0.83 0.89 0.85 0.82 0.82 0.88 
Ear height 0.92 0.83 0.92 0.91 0.91 0.89 0.83 0.92 0.93 
Root lodging 0.78 0.71 0.62 0.53 0.50 0.56 0.68 0.55 0.52 
Stalk lodging -0.18 -0.29 -0.39 -0.25 -0.36 -0.15 -0.37 0.11 -0.64 
Variance {%) 95 84 91 85 89 84 84 81 81 
accounted for 
Factor 2 
Grain yield 0.07 0.53 -0.18 0.47 0.08 0.27 -0.36 -0.33 0.59 
Grain moisture -0.25 -0.18 0.27 -0.09 0.38 0.39 -0.30 0.39 -0.15 
Days to anthesis 0.08 -0.11 0.22 -0.10 -0.14 -0.01 -0.01 -0.04 -0.31 
Plant height 0.27 0.07 -0.19 0,04 -0.28 -0.33 0.37 -0.30 0.06 
Ear height 0.08 0.27 0.00 0.13 -0.13 -0.17 0.34 -0.18 0.09 
Root lodging -0.22 0.15 -0.16 0.34 0.41 0.35 -0.17 0.42 0.03 
Stalk lodging 0.16 0.34 0.31 0.36 0.05 0.40 0.40 0.10 0.04 
Variance {%) 
accounted for 5 12 8 12 10 16 15 14 10 
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must exist in the correlation matrix. Correlation matrices among 
traits used in computing factor analysis in other studies had broad 
ranges. Godshalk and Timothy (1988) reported a range of correlations in 
the traits they measured from -0.73 to 0.69, and ranges of correlations 
observed in other studies were even wider (Walton, 1972; Bramel et al., 
1986). In this study, the range of correlations (Tables 1, 2, and 3) 
was more limited than those observed by Godshalk and Timothy (1988). The 
second criterion requires that a sufficient proportion of the total varia­
tion be accounted for by two factors. Walton (1971, 1972), Denis and 
Adams (1978), and Rattunde (1988) found that approximately 30% of the 
variation was accounted for by each of the first two factors. The first 
factor in each analysis computed in this study (Tables 4 and 5) accounted 
for over 80% of the total variation. 
In this study, factor analysis was not able to clarify or add to 
the interpretation of the differential ranking of maize germplasm acces­
sions for grain yield by the various testers (Section I). Godshalk and 
Timothy (1988) were also unable to relate the results of factor analysis 
to the rankings of plants chosen via index selection. The ranking of PICs 
on the basis of testcrosses is important in selecting those for further 
evaluation or breeding. However, factor analysis was of no value in com­
paring testers. Factor analysis will be of value in partitioning traits 
or testers into logical groups only if a greater number of more diverse 
traits is measured or a more diverse arrav of testers is used. 
54 
REFERENCES 
Bramel, P. J., P. N. Hinz, D. E. Green, and R. M. Shibles. 1984. 
Use of principal factor analysis in the study of three stem termina­
tion types of soybean. Euphytica 33:387-400. 
Denis, J. C., and M. W. Adams. 1978. A factor analysis of plant vari­
ables related to yield in dry beans. I. Morphological traits. Crop 
Sci. 18:74-78. 
Dudley, J. W. 1984. A method for identifying populations containing 
favorable alleles not present in elite germplasm. Crop Sci. 24: 
1053-1054. 
Dudley, J. W. 1988. Evaluation of maize populations as sources of fav­
orable alleles. Crop Sci. 28:486-491. 
Duvick, D. N. 1986. Plant breeding: Past achievements and expectations 
for the future. Econ. Bot. 40:289-297. 
Frankel, 0. H., and A.H.D. Brown. 1984. Plant genetic resources today: 
A critical appraisal, p. 249-257. ^ J.H.W. Holden and J. T. 
Williams (eds.) Crop genetic resources; Conservation and evaluation. 
Allen and Unwin, London. 
Gerloff, J. E., and 0. S. Smith. 1988. Choice of method for identifying 
germplasm with superior alleles. I. Theoretical results. Theor. 
Appl. Genet. 76:209-216. 
Godshalk, E. B., and D. H. Timothy. 1988. Factor and principal compo­
nent analyses as alternatives to index selection. Theor. Appl. 
Genet. 76:352-360. 
Karson, M. J. 1982. Multivariate statistical methods. Iowa State 
University Press, Ames, lA. 
National Academy of Sciences. 1972. Genetic vulnerability of major 
crops. Report of Committee on Genetic Vulnerability of Major Crops. 
Agric. Board, Div. Biol. Agric., NAS-NRC, Washington, D.C. 
Plucknett, D. L., N.J.H. Smith, J. T. Williams, and N. M. Anishetty. 
1987. Gene banks and the world's food. Princeton University Press, 
Princeton, NJ. 
55 
Rattunde, H. F. 1988. Mass-selection strategies for pearl millet im­
provement. Ph.D. Dissertation. Iowa State University (Libr. Congr. 
Card No. Mic. 88-25440). University Microfilms International, 
Ann Arbor, Michigan. 
Walton, P. D. 1971. The use of factor analysis in determining characters 
for yield selection in wheat. Euphytica 20:416-421. 
Walton, P. D. 1972. Factor analysis of yield in spring wheat (Triticum 
aestivum L.). Crop Sci. 12:731-733. 
56 
GENERAL CONCLUSION 
The world's gene banks contain many accessions of maize. Many 
accessions are open-pollinated cultivars that have not been evaluated, 
particularly for quantitative traits such as grain yield. These acces­
sions are, in general, adapted only to the specific environments from 
which they were collected. Many accessions of maize collected in south­
eastern Europe (Leng et al., 1962; Brandolini, 1969; Plucknett et al., 
1987) are descended from tropical races. Even though they are unadapted 
to the Corn Belt, they have evolved in temperate climates. These acces­
sions are potential sources of new alleles for use in U.S. maize 
improvement. 
It has been proposed that unadapted maize accessions should be 
evaluated for quantitative traits by testcrossing them to a tester or 
series of testers (Burton and Davies, 1984; Dudley, 1984; Frankel and 
Brown, 1984; Gerloff and Smith, 1988). This study made use of this 
methodology by ranking 34 unadapted temperate-maize accessions on the 
basis of testcrosses with eight testers, four each from the stiff Stalk 
and Lancaster heterotic groups. The testers consisted of broad-based 
populations, single crosses, and inbred lines. The accessions also were 
evaluated per se. 
Both similarities and extreme differences were observed in the rank­
ing of the accessions by different testers and per se evaluation (Section 
I). Consequently, no one tester is adequate to provide accurate assess­
ments of the value of these unadapted accessions for the needs of hybrid 
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maize improvement. Specific interactions with testers occurred. The 
accession per se evaluations also showed considerable differences in 
ranking of the accessions when compared to one or more testers. 
Factor analysis was used on the rank correlation matrices (Section 
II) in an attempt to further explain the differences in ranking among 
the testers and per se evaluation. Although rank correlations varied 
somewhat among testers, there apparently was not enough variation in the 
correlation matrix to distinguish differences or groupings among the 
testers. Factor analysis was not effective in clarifying the differences 
observed in the rankings in Section I. Godshalk and Timothy (1988) had 
similar problems when they compared factor analysis to the ranks of 
plants based on index selection. 
Because testing resources are limited, it would be desirable to use 
only one or a few testers to evaluate unadapted accessions of maize for 
grain yield. Choice of tester must be based on the needs of the testing 
institution, but the elite germplasm to be improved must be given primary 
consideration (Dudley, 1984). For private company breeding programs, the 
most elite germplasm a company owns would be an obvious choice. An in­
stitution which screens unadapted populations for a broad spectrum of 
users has a more difficult choice, and the number of testers must be 
chosen based on resources available. Deciding which testers to use must 
be based on the extent of use of testers being considered and their 
similarity to other elite germplasm. 
Agronomic attributes of the testers also need to be considered. 
Testers that produce inadequate pollen are not good candidates because 
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making testcrosses is not efficient when the tester Is the male 
pollinator. Cytoplasmic effects of the tester are also avoided when it 
is the pollinator. Inbred testers are more prone to poor pollen produc­
tion than are single crosses or broad-based populations. However, most 
modern inbreds do provide adequate pollen shed. If the accessions being 
evaluated are from tropical areas, testcrosses may need to be made in 
tropical environments where unadapted inbreds perform poorly. 
The results in Section I indicate that testers differed in root and 
stalk lodging. Having resistance to root and stalk lodging is especially 
important in a tester when mechanical harvest is to be used. A tester 
which performs consistently from environment to environment is another 
important consideration. Testers with high environmental interactions 
give less reliable results in ranking the accessions being evaluated. 
The choice of testers for a program to evaluate unadapted maize 
accessions is difficult. The agronomic attributes of the testers are 
an important consideration. The particular needs of the screening insti­
tution and how they relate to the ability of testers to rank populations 
are also important. The objective will be to choose testers which will 
provide an efficient and effective evaluation of a large number of acces­
sions so that the best can be chosen to incorporate into maize improve­
ment programs. 
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Table Al. Means for eight traits measured on 34 accessions (PICs) of 
maize via testcrosses (sets 1-8) or per se (set 9) 
Set^ PIC^ 
Grain Lodging 
Dropped 
ears 
Days 
to 
anthesis 
Height 
Yield Moisture Root Stalk Plant Ear 
Mg ha~^ %— ————cm— 
1 1 7.39 26.3 44 10 0.45 74 213 ICS 
2 7.21 26.4 42 12 0.55 75 219 115 
3 6.43 24.5 41 10 0.00 76 223 114 
4 6.86 25.9 42 11 0.79 76 214 114 
5 6.66 24.7 42 10 0.31 73 217 109 
6 6.36 23.9 26 13 0.12 73 223 103 
7 6.05 27.4 43 13 0.59 77 223 121 
8 6.25 26.7 50 9 0.25 75 226 116 
9 6.73 24.0 23 11 0.35 71 207 95 
10 6.72 26.7 46 9 0.48 76 2 26 119 
11 6.32 28.9 60 14 0.58 78 226 137 
12 7.05 26.4 42 20 0.12 77 225 134 
13 7.09 24.5 38 19 0.56 73 219 106 
14 6.47 25.1 25 10 0.72 73 208 94 
15 6.40 24.4 32 19 0.45 73 209 93 
16 5.97 27.1 52 13 0.34 75 218 118 
17 6.87 26.0 43 14 0.49 75 222 110 
18 6.39 25.5 35 10 0.11 73 211 99 
19 6.71 26.2 41 14 0.12 74 214 103 
20 7.07 25.1 27 9 0.50 71 208 98 
21 6.51 24.1 20 18 0.33 71 205 104 
22 6.19 24.2 22 15 0.44 73 196 100 
23 5.89 24.6 31 15 0.57 74 206 102 
24 6.85 27.5 45 12 1.33 74 211 111 
25 6.87 27.3 26 17 0.72 75 217 108 
26 6.65 27.4 37 18 0.44 74 209 103 
27 6.26 25.1 38 16 0.69 70 193 85 
28 7.03 25.1 30 13 0.11 73 206 92 
29 6.12 23.8 37 13 0.11 69 190 84 
30 6.88 30.8 40 13 0.34 79 227 117 
31 6.79 24.3 39 19 0.83 74 216 103 
32 6.53 24.1 32 14 0.39 70 195 92 
33 6.73 24.5 31 17 0.68 73 212 106 
^Testers: 1 = BS13, 2 = BS26, 3 = B14xB37, 4 = Oh43xMol7, 5 = B37, 
6 = B14, 7 = Oh43, and 8 = Mol7; 9 = accessions per se. 
^Refer to Table 1 for PI numbers associated with each PIC number. 
PICs 35-42 are the following checks, respectively: B14xB37, 0h43xMol7, 
B14XB37 (selfed), Oh43xMol7 (selfed), BS13, BS26, BS13xBS26, and 
BS26XBS13. 
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Table Al. (Continued) 
Grain Lodging Days Height 
Dropped to 
PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha~^ 
-% —————CITl~ 
34 6.63 29.0 51 17 0.36 76 221 109 
35 7.66 27.0 21 4 0.00 78 234 110 
36 8.74 27.2 11 8 0.83 74 209 89 
37 4.44 26.4 22 3 0.12 78 215 103 
38 5.28 27.3 12 7 0.95 77 192 81 
39 6.55 29.8 29 9 0.14 81 206 107 
40 6.62 28.0 27 13 1.28 78 217 110 
41 8.00 29.1 31 10 0.33 78 233 119 
42 7.62 29.5 30 11 0.68 79 225 124 
1 6.03 26.0 45 17 0.35 71 204 93 
2 6.34 26.0 47 16 0.70 74 217 110 
3 6.13 24.9 40 14 0.37 75 214 106 
4 5.77 25.4 36 16 1.70 74 223 108 
5 5.46 25.9 44 16 1.13 71 207 99 
6 5.94 23.9 20 13 0.70 72 217 95 
7 5.19 27.2 34 19 1.35 76 213 110 
8 5.83 26.8 36 15 0.61 75 215 103 
9 5.82 23.2 26 14 0.47 70 201 95 
10 6.38 25.7 50 10 0.94 74 216 110 
11 6.14 28.3 54 13 0.70 77 231 121 
12 6.23 25.8 38 20 0.25 76 220 115 
13 6.00 24.1 40 18 0.93 73 218 107 
14 5.59 25.7 34 13 0.49 71 200 88 
15 5.08 24.9 32 25 0.35 72 205 87 
16 5.34 26.7 42 16 1.37 75 222 111 
17 6.28 26.1 42 16 0.37 74 214 103 
18 5.23 25.8 39 16 0.81 71 204 92 
19 6.20 26.5 39 18 0.95 73 199 92 
20 5.98 25.4 38 14 0.12 70 202 96 
21 5.58 23.6 25 21 0.60 70 198 99 
22 5.39 24.4 20 22 0.34 71 203 92 
23 4.93 25.1 38 16 0.46 73 209 101 
24 5.51 26.2 48 18 0.37 72 202 98 
25 6.32 27.1 31 23 1,40 74 210 106 
26 5.40 26.9 45 19 2.45 73 208 104 
27 5.73 24.6 43 21 1.90 68 189 83 
28 5.73 24.5 32 15 0.59 71 199 86 
29 5.23 23.2 33 24 0.24 67 190 80 
30 5.91 30.5 34 15 0.45 77 217 114 
31 5.78 25.0 41 24 0.44 72 205 100 
32 5.17 23.5 26 24 0.63 68 193 88 
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Table Al. (Continued) 
Set 
Grain Lodging Days Height 
Dropped "bo 
PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha~^ %- ————~cm~* 
33 5.80 24.9 37 22 0.34 71 190 84 
34 6.17 28.3 53 20 0.69 74 218 108 
35 7.65 27.9 28 2 0.25 78 232 111 
36 9.01 26.6 11 8 0.60 74 205 88 
37 4.77 26.3 26 3 0.11 80 210 97 
38 5.66 26.6 9 6 0.35 77 189 85 
39 6.93 30.2 33 9 0.35 79 210 112 
40 7.25 29.0 35 11 0.93 77 225 117 
41 7.82 29.1 33 11 0.56 78 228 116 
42 8.32 28.6 38 11 0.47 78 228 126 
1 6.58 26.0 34 9 1.11 74 228 107 
2 7.00 26.1 35 8 0.22 76 233 115 
3 6.24 25.5 36 8 0.78 76 242 113 
4 6.64 24.7 27 8 0.35 75 230 100 
5 7.22 23.9 31 9 0.91 74 223 106 
6 6.72 23.7 18 8 0.47 74 227 98 
7 5.96 26.6 31 7 0.70 77 229 112 
8 6.82 26.3 32 9 0.12 76 240 113 
9 6.64 23.9 19 9 0.61 73 221 102 
10 6.62 26.3 37 6 0.57 76 239 120 
11 6.47 27.4 46 9 0;50 78 242 128 
12 6.85 25.4 27 11 0.58 77 235 114 
13 6.98 24.8 31 11 0.38 74 225 102 
14 5.92 25.0 24 5 0.12 73 221 92 
15 6.35 24.2 24 13 _ 0.47 74 227 94 
16 5.92 27.2 38 7 ' 0.86 76 234 114 
17 7.01 25.8 30 7 0.83 76 238 109 
18 6.21 25.6 32 6 0.11 74 222 95 
19 7.00 26.2 31 8 0.47 74 224 101 
20 6.81 24.6 27 7 0.13 71 216 100 
21 6.63 24.3 16 10 0.36 72 213 102 
22 6.46 22.9 14 9 0.34 72 216 93 
23 5.97 24.9 28 12 0.35 75 223 106 
24 6.56 26.2 38 11 0.36 75 224 113 
25 6.51 26.5 21 . 10 0.55 75 226 116 
26 6.58 26.5 30 10 0.24 75 221 113 
27 7.13 25.4 28 11 0.78 71 214 95 
28 6.59 25.3 25 9 0.22 72 216 93 
29 6.42 23.5 23 10 0.23 70 206 92 
30 5.49 30.9 28 8 0.58 77 223 101 
Al. 
PK 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
(Continued) 
Grain Lodging _ , Days Height 
=—= Dropped to 
Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha ^ . %-. 
—————crn~ — — — — 
6.84 24.9 34 15 0.70 74 219 102 
6.46 24.6 19 10 0.50 70 212 89 
6.67 25.1 31 11 0.61 73 221 100 
6.62 27.5 44 11 0.22 76 222 106 
7.62 26.9 19 1 0.35 78 232 109 
9.41 26.5 7 4 0.11 74 212 98 
4.57 26.3 17 1 0.00 80 228 103 
5.43 27.8 13 6 0.49 77 203 85 
6.34 29.9 36 7 0.00 81 209 107 
6.72 28.4 29 11 0.73 78 226 115 
8.32 29.4 27 10 0.58 78 235 124 
8.16 29.3 29 10 0.22 79 230 122 
7.18 26.5 23 9 0.46 72 207 94 
7.19 26.2 37 11 0.85 76 222 107 
6.25 24.8 29 12 0.34 75 222 102 
6.76 26.9 37 10 1.02 75 219 101 
6.26 25.3 32 11 0.70 73 208 94 
6.42 24.9 13 11 0.64 71 214 91 
6.42 28.0 28 13 0.71 76 220 105 
5.98 27.3 38 10 0.34 75 221 98 
6.67 24.5 16 10 0.24 71 208 89 
6.90 26.6 41 8 1.01 74 217 96 
6.65 28.6 40 15 1.04 76 229 116 
7.17 26.2 36 13 0.92 76 215 105 
6.83 24.9 25 14 0.75 71 204 91 
6.43 26.1 24 10 0.58 73 206 94 
6.26 25.5 23 13 0.91 72 212 86 
6.33 26.8 36 11 1.14 74 214 96 
7.32 26.4 32 11 0.90 73 218 100 
6.52 25.5 34 15 0.00 71 202 85 
6.02 26.6 28 9 0.57 73 206 89 
7.08 25.4 23 6 0.35 70 205 88 
6.90 24.3 15 13 0.76 70 201 95 
7.06 24.5 13 16 0.47 72 204 93 
6.17 25.2 28 13 0.46 73 204 96 
6.76 27.3 41 15 0.70 73 202 93 
7.04 27.7 19 13 0.22 74 210 99 
6.87 27.0 31 14 0.46 73 188 88 
7.11 26.3 30 14 0.28 69 188 83 
6.56 24.5 21 11 0.37 70 200 83 
Table Al. (Continued) 
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Grain Lodging udys Height 
Dropped to 
PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha ^ %. 
— — — — 
29 6.61 23.7 25 13 0.47 68 187 74 
30 6.84 29.3 26 11 0.58 76 215 100 
31 6.58 25.3 34 14 0.23 72 204 85 
32 6.40 24.8 23 11 0.23 69 200 88 
33 6.64 26.1 31 12 0.60 71 203 89 
34 7.07 27.9 40 15 0.80 74 213 95 
35 8.14 27.4 21 2 0.00 79 235 113 
36 9.41 26.6 9 5 0.33 73 210 90 
37 4.90 26.4 20 4 0.24 80 213 100 
38 5.60 26.9 5 7 0.71 77 194 82 
39 6.28 30.0 35 5 0.00 81 209 111 
40 6.99 28.1 24 12 0.62 77 224 114 
41 8.18 28.7 28 12 0.34 78 232 114 
42 8.27 29.8 28 11 0.72 79 231 124 
1 7.24 26.9 48 10 0.35 74 225 101 
2 6.79 26.9 37 8 0.57 75 225 108 
3 6.72 25.3 38 14 0.71 76 231 108 
4 6.74 26.0 38 10 0.84 75 228 106 
5 6.21 24.3 45 10 0.96 73 217 102 
6 6.27 24.2 18 10 0.35 72 222 100 
7 5.92 29.0 40 13 0,25 77 227 112 
8 6.42 27.3 44 9 0.56 75 229 107 
9 6.50 23.7 23 10 0.35 72 207 89 
10 6.94 27.2 48 9 0.22 76 234 109 
11 6.88 29.0 56 7 0.35 78 239 124 
12 7.00 26.4 33 12 0.00 76 237 116 
13 7.27 24.7 39 13 0.36 73 221 97 
14 6.27 26.5 32 13 0.24 73 220 92 
15 6.98 25.9 33 15 0.59 74 220 96 
16 5.78 27.6 52 7 0.13 75 233 110 
17 7.22 25.8 46 9 0.38 75 233 112 
18 6.47 27.0 34 15 0.38 72 213 96 
19 6.55 26.7 38 11 0.60 74 220 104 
20 6.82 24.8 34 10 0.22 71 213 92 
21 7.01 25.4 23 12 0.87 71 208 98 
22 6.87 25.1 7 15 0.80 74 210 90 
23 6.13 26.4 29 16 0.36 74 214 102 
24 6.55 27.9 37 14 0.81 75 220 110 
25 6.92 27.4 22 11 0.73 75 221 106 
26 7.12 28.4 34 8 0.35 75 215 106 
Al. 
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(Continued) 
Grain Lodging Dropped 
Yield e Moisture Root Stalk ears anthesis Plant Ear 
Mg ha -1 
7.11 26.0 40 11 0.11 69 209 87 
6.57 25.5 25 9 0.49 73 211 97 
6.40 25.1 32 14 0.36 70 201 86 
6.41 32.0 41 10 0.34 78 228 105 
7.07 25.6 36 18 0.68 73 214 99 
6.88 25.8 30 13 0.23 71 211 89 
6.83 26.0 40 13 0.22 72 210 95 
6.76 30.6 53 15 0.23 76 226 106 
7.78 25.5 14 2 0.48 79 230 111 
9.24 26.7 14 7 0.46 74 210 86 
5.06 26.6 17 3 0.00 80 220 105 
5.70 27.4 12 6 0.73 76 201 92 
6.45 30.6 40 7 0.48 81 208 105 
6.44 28.7 24 13 0.91 78 229 116 
7.84 29.5 28 13 0.34 79 237 120 
7.81 29.2 27 13 0.60 79 235 121 
7.11 23.4 29 13 0.41 75 228 109 
6.61 25.5 32 5 0.35 77 221 111 
5.69 27.3 22 8 1.03 77 238 114 
6.72 24.7 28 7 0.71 76 226 117 
6.77 24.2 32 9 0.96 73 224 111 
6.07 23.5 15 8 0.24 75 222 103 
5.84 26.1 19 8 1.15 77 229 116 
6.26 26.3 28 8 0.83 76 231 114 
6.85 22.4 8 6 0.12 73 211 100 
6.90 *27.0 35 6 0.46 77 234 120 
5.65 27.7 49 7 0.00 78 245 140 
6.64 25.4 21 13 0.80 77 234 119 
6.87 24.4 23 12 1.18 74 234 114 
6.17 24.2 20 9 0.60 74 218 105 
6.52 23.1 25 12 0.12 74 226 99 
6.30 26.2 28 5 0.88 76 230 119 
7.02 24.4 20 11 0.60 75 232 116 
6.23 24.2 25 9 0.59 74 224 102 
7.05 25.9 29 6 0.49 75 221 108 
6.26 23.9 19 4 0.41 72 224 101 
6.68 22.9 12 10 0.78 72 212 106 
6.20 23.2 6 12 0.37 73 215 103 
6.21 24.8 22 11 0.47 74 225 112 
6.39 26.2 36 12 0.60 74 218 116 
6.80 25.6 19 10 0.58 76 220 112 
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Table Al. (Continued) 
Grain Lodging m* ^3 
Days 
Height 
Droppea to 
PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha ^ %. —————cm—" 
26 6.71 26.0 23 10 0.24 74 214 110 
27 6.55 23.8 24 9 0.34 69 198 84 
28 6.92 23.0 18 8 0.55 73 213 98 
29 6.03 23.3 13 10 0.34 69 209 92 
30 6.05 29.0 22 7 0.48 78 234 137 
31 6.26 23.8 31 15 0.47 72 214 101 
32 6.52 23.6 19 11 0.15 71 211 102 
33 6.94 24.2 19 12 0.22 72 218 104 
34 6.55 27.6 33 11 0.58 75 227 117 
35 7.87 26.2 15 4 0.43 78 235 111 
36 8.48 27.1 12 8 0.59 74 208 91 
37 4.76 25.9 18 3 0.25 80 216 99 
38 5.11 26.6 8 9 0.12 76 188 86 
39 6.14 30,5 37 7 0.12 81 206 108 
40 6.23 28.1 20 14 0.87 77 222 110 
41 7.45 29.2 32 11 0.55 78 233 120 
42 7.80 30.1 32 16 0.23 78 229 119 
1 7.45 25.9 39 8 0.34 70 204 95 
2 7.57 26.4 40 9 0.11 72 211 103 
3 6.64 24.9 35 12 0.83 72 202 93 
4 7.41 26.6 36 8 0.83 73 207 94 
5 6.84 23.6 37 8 0.27 69 199 92 
6 6.81 23.9 19 15 0.72 69 209 94 
7 6.43 28.1 34 12 0.25 74 219 105 
8 6.30 27.1 40 7 0.60 72 206 91 
9 6.54 23.9 19 10 0.11 68 193 83 
10 6.75 27.4 41 9 0.23 72 213 101 
11 6.86 29.8 46 12 0.26 74 213 114 
12 6.59 27.2 30 13 0.22 73 205 96 
13 7.23 25.1 35 13 0.33 70 201 92 
14 5.98 25.7 25 11 0.36 70 200 85 
15 6.39 24.9 29 12 0.12 69 204 85 
16 6.82 27.2 48 9 0.59 73 211 97 
17 6.73 26.7 37 9 0.12 72 211 96 
18 6.87 26.1 38 14 0.23 69 192 86 
19 6.93 27.2 31 8 0.69 71 194 87 
20 7.46 24.8 32 7 0.23 69 197 91 
21 6.47 23.7 20 14 0.47 68 200 96 
22 6.64 25.1 19 13 0.36 69 189 82 
23 6.11 24.7 31 9 0.34 71 194 89 
Table Al. (Continued) 
75 
Grain lodging ^to^ "slpht. 
Set PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
-1 
24 6.49 26.5 40 15 0.34 71 201 97 
25 7.05 26.7 22 16 0.80 71 200 99 
26 6.91 27.4 31 7 0.12 70 186 86 
27 6.71 25.6 30 16 0.26 69 186 83 
28 7.13 25.6 24 12 0.12 69 190 87 
29 6.57 23.4 26 15 0.24 67 180 75 
30 6.90 30.3 32 11 0.48 74 204 94 
31 6.49 24.1 33 16 0.84 70 198 92 
32 6.45 24.4 20 13 0.12 67 177 78 
33 7.06 26.0 24 11 0.00 69 192 85 
34 6.95 28.5 54 11 0.13 71 196 89 
35 8.14 26.8 21 3 0.37 78 232 119 
36 9.43 27.2 8 7 0.73 74 210 100 
37 4.71 26.6 21 2 0.24 80 214 109 
38 5.83 27.7 9 7 0.60 77 187 89 
39 6.86 30.8 ?1 11 0.24 81 199 109 
40 7.00 29.1 20 12 0.83 78 224 120 
41 8.59 29.6 27 9 0.67 79 225 120 
42 8.75 28.7 30 11 0.48 79 237 133 
1 6.84 25.9 38 10 0.25 73 211 106 
2 7.70 26.4 27 11 0.92 75 224 120 
3 6.83 25.0 25 15 0.81 76 225 118 
4 7.54 25.3 32 10 2.21 76 223 118 
5 6.80 25.4 35 10 1.08 73 209 110 
6 7.19 24.2 8 8 0.25 73 216 106 
7 6.68 27.0 24 10 1.03 77 224 118 
8 6.79 26.2 3: 9 0.25 75 221 112 
9 7.67 23.5 14 9 0.00 71 207 102 
10 7.18 26.8 39 8 1.16 76 215 119 
11 7.00 28.0 41 13 0.82 77 231 133 
12 7.76 25.6 20 13 0.92 76 222 118 
13 7.80 25.0 16 8 0.71 73 217 112 
14 6.33 26.1 18 7 0.00 73 214 104 
15 6.61 25.1 23 10 1.01 75 217 105 
16 6.26 27.6 37 9 0.92 75 214 117 
17 7.16 25.9 34 13 1.51 74 226 115 
18 6.53 25.4 22 10 0.71 74 215 102 
19 7.29 26.4 27 10 0.35 74 212 107 
20 6.39 25.4 21 8 0.61 71 210 101 
21 7.06 24.6 12 12 0.38 71 198 101 
22 7.31 24.6 14 9 0.59 73 210 108 
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Table Al. (Continued) 
Grain Lodging 
mm VK ^3 
Days 
Height 
Droppea 
PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha ^ % cm— 
23 6.76 25.3 25 10 0.69 74 219 112 
24 7.46 27.3 32 15 0.59 74 207 110 
25 7.68 27.6 15 17 0.82 75 215 112 
26 7.12 27.2 24 11 0.34 74 217 115 
27 7.03 25.1 29 11 0.25 70 193 94 
28 6.79 24.0 15 10 0.47 72 200 97 
29 6.60 23.9 19 11 0.13 70 196 93 
30 7.18 30.0 23 8 0.12 78 223 119 
31 7.31 25.2 27 21 0.23 74 213 110 
32 6.92 24.4 18 12 0.37 70 198 98 
33 6.74 25.6 23 15 0.87 73 207 102 
34 7.74 28.4 38 14 0.35 75 216 109 
35 7.96 27.4 21 3 0.46 79 226 114 
35 8.90 27.8 8 7 0.57 73 209 96 
37 4.75 26.5 22 2 0.51 80 213 109 
38 5.77 27.8 11 7 0.36 75 196 95 
39 6.24 31.9 36 8 0.85 81 212 116 
40 6.49 28.8 24 14 1.18 78 233 127 
41 8.12 30.2 34 7 0.46 79 228 129 
42 8.13 29.7 28 11 0.45 79 227 127 
1 5.20 24.9 69 13 0.00 69 182 82 
2 5.37 25.7 65 12 1.11 74 205 101 
3 4.30 22.7 50 13 0.25 73 194 85 
4 5.08 23.5 45 9 0.23 74 198 95 
5 4.50 23.2 62 i2 0.27 69 176 78 
6 4.07 21.2 29 20 0.58 68 180 74 
7 3.64 28.7 56 14 0.61 76 197 104 
8 4.51 28.0 54 10 0.74 73 215 97 
9 4.71 21.1 25 15 ' 0.25 66 162 75 
10 4.84 27.4 64 8 0.73 73 206 102 
11 5.13 29.9 67 12 0.49 79 230 127 
12 3.94 25.9 49 18 0.41 76 192 101 
13 3.69 23.8 57 17 0.35 70 169 73 
14 3.26 22.8 38 12 0.36 69 173 65 
15 3.76 22.6 42 24 0.24 69 181 66 
16 2.56 27.8 69 10 0.40 75 193 92 
17 4.41 25.1 69 13 0.12 73 197 94 
18 4.19 24.2 66 22 0.51 67 163 61 
19 3.98 26.0 55 13 0.36 72 164 77 
20 4.34 23.2 57 10 0.00 66 169 56 
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Table Al. (Continued) 
Grain Lod^in^ Dropped to Siisîlî 
Set PIC Yield Moisture Root Stalk ears anthesis Plant Ear 
Mg ha ^ - %— —————crn~ 
21 4.19 21.4 26 22 0.11 66 150 59 
22 3.45 20.9 19 20 0.23 69 180 73 
23 3.37 22.8 45 17 0.66 71 176 77 
24 4.36 26.3 52 16 0.00 70 174 88 
25 5.58 27.4 33 19 0.37 73 191 93 
26 4.90 27.8 46 17 0.66 70 178 90 
27 3.39 24.1 56 27 0.38 66 144 54 
28 4.47 23.1 43 14 0.34 67 167 82 
29 3.68 20.3 45 26 0.00 64 145 55 
30 4.02 33.9 48 7 0.00 78 185 85 
31 4.92 22.7 62 22 0.62 69 188 79 
32 3.67 21.1 44 24 0.12 63 141 56 
33 4.66 24.5 58 22 0.37 68 180 75 
34 4.71 30.4 73 14 0.12 73 192 90 
35 9.24 28.6 16 4 0.37 79 231 111 
36 9.84 27.6 9 4 0.81 74 198 82 
37 5.15 29.1 20 2 0.53 80 216 103 
38 6.51 28.7 8 6 0.85 77 194 82 
39 7.35 31.3 30 6 0.00 81 203 105 
40 7.31 31.1 17 12 0.68 78 221 111 
41 9.13 31.8 23 8 0.68 78 226 119 
42 9.49 29.9 25 7 0.84 79 224 126 
